
Einfluss eines äußeren Magnetfeldes
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Spin und magnetisches Moment
von Elektronen und Kernen
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Information accessible by EPR

local structure of transition metal ions with unpaired 
electrons:



Information accessible by EPR
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local structure of transition metal ions with unpaired 
electrons:

visible at elevated T

nature of radicals (•CxHy, •O2
-, •O-, •OH, •OOH)

conduction electrons of small metal particles
size and shape of ferro- or ferrimagnetic resonance of 
metal particles (e. g. Ni0) or metal oxide particles (e. g. 
Fe3O4)



Energie von Elektronen im äußeren Magnetfeld
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g - Anisotropie des ESR-Spektrums von VO2+
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Pulver-ESR-Spektrum

Summe über alle möglichen Orientierungen der 
magnetischen Achsen von VO2+ gegenüber B B



Kopplung von Elektronen- und Kernspin

S = ½, I = ½
Beispiel: H-Atom

aiso = 50,68 mT

Anzahl der Hyperfeinlinien:
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Anisotropie der Hyperfeinkopplung von VO2+

Kopplung von S und I
für V: I = 7/2        
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Pulver-ESR-Spektrum von VO2+
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Abhängigkeit des V4+-ESR-Spektrums von der 
Koordinationsgeometrie (oktaedrisch, VO2+)
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Abhängigkeit des V4+-ESR-Spektrums von der 
Koordinationsgeometrie (tetraedrisch)
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EPR von V3+ (d2)
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Intensität von EPR-Signalen 
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Temperaturabhängigkeit der Signalintensität  
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Magnetische Wechselwirkung von VO2+ in (VO)2P2O7

strong

weak

Measure of exchange efficiency:

ΔE – exchange energy

J – exchange integral
(when crystal structure is known) 
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EPR – apparative Details

Spektrometer-Aufbau Rechteck-Hohlraumresonator
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Einfluss der Mikrowellenfrequenz
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Feld-Modulation und Signalform



Operando-EPR/UV-vis/Raman-Kopplung am ACA

quartz woolRaman laser
785 nm

quartz plug-flow reactor 
(20-550 °C)

educt gas
mixture

UV-vis
light source

UV-vis
spectrometer

teflon sealing
fibre optical sensor

EPR cavity

catalyst (20-500 mg)

quartz dewar

heat transfer
gas stream

electrical 
heater

products to GC

A. Brückner, Chem. Commun. (2005) 1761. 



Anwendungsbeispiel I

Oxidative Dehydrierung von Propan an 
einem 6 % V/TiO2 – Trägerkatalysator

CH3 – CH2 – CH3 + ½ O2 CH3 – CH = CH2 + H2O



6% V/anatase (2.2% sulfate) 
8.3 % C3H8, 8.3 % O2 / N2 up to 250°C
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8.3 % C3H8, 8.3 % O2 / N2 at 250 – 450 °C
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V reduction almost completed above 250°C

Selectivity increases with V reduction 



8.3 % C3H8, 8.3 % O2 / N2 at 250 – 450 °C
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Nature of two different isolated VO2+
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Influence of sulfate

Species A Species B
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on sulfate-free anatase only species B observed
A. Brückner et al., Z. Anorg. Allg. Chem. 631, 60, 2005

hints for bonding of VO2+ and/or VO3+ to SO4 also from FTIR and 
thermal analysis

sulfate might stabilize VO2+ as active species on the surface
prevents reduction to V3+

prevents agglomeration
prevents diffusion into the bulk of the support
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